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BJIMSTHUE TEPMUUYECKOW OBPABOTKHU HA TBEPJOCTDb
N3AEJUNA, TIOJYUYEHHBIX METOIOM JIMThA
IO TASUOPULIUPYEMbBIM MOJIEJIAM

OnycaHbl peXKUMBI TEPMUYECKOH 00paOOTKH A1 CHIKEHUS TBEPAOCTU OTIMBOK, MOJYYEHHBIX METOJIOM JIUThS 110 Ta3uHLHPY-
eMbIM MozemsiM. [TonoOpaHsl TeMrepaTypHO-BpeMeHHbBIe apaMeTphl OTKura. [IpescTaBieHsl pe3yabTaThl UCIIBITAHUS SKOHOMHY-

HBIX PCIKUMOB OTKUTa U1 TOJTYYCHUS 3aJaHHbIX CBOWCTB OTJIMBOK.

Knrouesvie cnosa: nuthE, OTXKUT, HOPMAITU3ALHS, OTITYCK, TBEPJOCTD, yAapHas BI3KOCTb.

The paper describes regimes of heat treatment to reduce the hardness of consumable pattern steel castings, selected time-
temperature parameters of annealing and results of testing the economical annealing regimes producing required properties of castings.

Key words: casting, annealing, normalizing, tempering, hardness, impact toughness.

BBenenue

OTnuBKM JeTaneil 4acTo MOABEPraroTCs TepMHUe-
CKOIl 00paboTKe C IEeNbI0 NMOHWU3UTH TBEPAOCTH IIEpen
MocIIenyone MexaHndecko 00padoTKoW miH obecrie-
YUTh ONpEJENICHHBI YPOBEHb NPOYHOCTH WIN yJIapHOH
BSI3KOCTH, €CJIM 3Ta 00pabOTKa SBIISIETCS OKOHYATEIBHOM.
Bo Bcex ciydasx TEXHOJOTH CTPEMATCS BBIOpaTh W3
MHOXECTBa BO3MOKHBIX PECIKHNMOB HauboJiee 3KOHOMMY-
HBIH, C MO3HIMK 3aTpaT IIEYHOT0 BPEMEHH WIIH IIPOHU3BO-
JUTENBLHOCTH yyacTka. OOIMpHBIC UCCIEI0BaHUS B 3TOM
HaTpaBJICHUH OIMYOJIUKOBAHKI B CTaThsX [ 1—4].

B nanHO# cTaThe TakKe MPEICTaBJICHBI PE3YJbTAThI
paboThl 1O BBHIOOPY SKOHOMHYHOIO peXHMa TepMooOpa-
0O0TKH, 00ecreunBarOImIero MHHHMAIBHYIO TBEPIOCTH
o0pasnoB cramu 35JI, TOTYYCHHBIX JTUTHEM MO Ta3upu-
[UPYEMBIM MOJEIISIM.

1. MaTepuaJj ¥ MeTOAUKA UCCIETOBAHUS

B xadectBe MaTepuana ObUIH UCTIOIB30BaHbBI OTJIMBKU
n3 cranm 35J1, m3roromneHusie B 1exe 3AO «TexHoo-
rusi-My». 31ech paciulaBlieHHast CTallb 3aJIMBAETCS B METa-
ndecKre (pOPMBI, 3aTI0OTHEHHBIC BCIIEHEHHBIM TOJIACTHAPO-
nom [-CH,-CH(C¢Hs)-], u, mepemaBas eMy TEIDIOBYIO
9HEPIHI0, BBHI3BIBACT IPEBpAICHHE IMOJIMMEPa B Ta30BYIO
tdasy ¢ obmeit popmynoni C,Hyuio, Tne n=1,2,3 u T.1.
Cremyer OTMETUTb, YTO IIOJ] BIUSHHAEM Ta3a IPOSBIISETCS
HEKOTOpOE HAYTJIEpOKUBAHNE CTaNIH, OCOOEHHO 3aMETHOE Y
MOBEPXHOCTH OTJIMBKH. [Ipy Hape3aHNH IIIOCKHUX 00pasIoB
JUTs nccnenoBanuii pazmepamu 10x15x10 mm ogHa H3 Tpa-
Hell (mmpokast) oOpasia paconokeHa OJIU3KO K IIOBEPXHO-
CTH pe3a; UMEHHO Ha Hell TBepAOCTh OKa3hIBalach 3aMETHO
BBIIIIE, YE€M Ha IPOTUBOIIOJIOKHON CTOPOHE, U 3TO Pa3jInyHe
YCTOHYMBO COXPAHSJIOCH MOCIIE TIOYTH BCEX 00pabOTOK.

Teepmocts HB m3mepsimn ¢ momoisio npudopa bpu-
Hemuta npu Harpy3ke 3000 Krc Ha MPOTHUBOMOJIOKHBIX CTO-
pOHaX IUIACTUHOK. XWUMHYECKMH COCTaB ObUI ONpeleNncH
METOJIOM CIIEKTPAJFHOTO aHAIN3a TPEX OTIMBOK, Y KOTOPBIX
M3y4eH COCTaB NPHIOBEepXHOCTHBIX 30H: 0,41-0,45%C;
0,84-0,61%Si; 0,72%Mn; 0,19-0,21%Cr u 0,09%Ni. Oxn-
HaKo, €ClM CYIWTh 1O TBEPIOCTH B LIEHTPE OTIMBOK,
cpenHee 1Mo o0BEMYy COIEpIKaHHE YTIEpoJa COCTaBISIET
0,33-0,37%. CTpyKTypy JUTBIX 00pasiioB (PUC. 1) MOXKHO
OXapaKTepHU30BaTh B OJHOM ClIydyae Kak (eppHUTHO-
nepuTHYTo (puc. 1, @), a Bo BTopoM (puc. 1, 6) kak cTpyk-
Typy urosipuatoro ¢eppura [4] (nnm OeliHuTa), BO3HHKA-
IOIIYIO B YCJIOBUSIX HENPEPBHIBHOTO OXJIaXJICHHS MO C/IBU-

Becmuuk MITY um. I'.A. Hocosa. 2012. Ne 2.

roBoMy, HO () y3HOHHOMY MEXaHU3MY.

a 6

Puc. 1. CTpykTypa nutoii ctanu

Ota CTPYKTypa XapakTepusyercss 0oiiee BBICOKOM
MPOYHOCTBIO M TBEPAOCTHIO, YeM (DEepPHUTHO-IIEPINTHAS.
HccnenoBanue CTpyKTyp OBUIO NMPOBEAECHO C IOMOIIBIO
ONTHYECKOTO MHKpockoma Neophot-2. M3MepeHus Kpu-
THYECKUX TOYEK CTalel OCYIIECTBISJIOCh MO KPUBBIM
HarpeBa M OXJaxIeHHs (PUC.2), 3alMCaHHBIM Ha Juja-
tometpe Netzsch DIL 402C.

P ONBITHBIX PEXUMOB TEPMUYECKOH 00pabOTKH
OTJIMBOK, HAIIPaBJICHHbIX Ha CHW)KEHHE TBEPJOCTH, ObLI
peanms3oBaH B 3nexrtpuueckoi meum [IKJI-1,2-12, cHab-
JKCHHOH 33/IaTYUKOM U PETYJISITOPOM AUCKPETHBIX TEMIIe-
paryp. TouHOCTh perymupoBanus Obta He Meree +0,5 K.
CKOpPOCTh OXJIAXKICHHUS OOpa3IOB B BEIKIIOUYCHHOH NEYH
coctaisieT 420 K/4, 4ro npubiIn3UTENHHO COOTBETCTBYET
OXJIQK/ICHUIO NPOMBIIUICHHOW NapTHH OTJIMBOK Ha BO3-
nyxe (HopMalli3aInn).

2. Pe3yabTaThl HCCIeJ0BAHUS M HX 00CyXKIeHHE

2.1. AunaToMeTpust

Bby 3anucaHbl quiaaTorpaMMbl TpeX 00pasloB, BbI-
pE3aHHBIX U3 OTJIMBKH, IPEICTABICHHOMN ISl HCCleI0Ba-
Hust. Ha puc. 2 mokasana tunuuHas qunatorpamma. [pu
HarpeBaHUU 00pasnoB co ckopocthio 10 K/4 Hagamo 06-
pa3oBaHUS aycTeHHWTa HaOmromamoce mpu 755, 756 wu
760°C, uto Ha 35-40°C BbIIIE, YeM IS YIJIEPOAUCTOMN
cranu. OOpazoBaHue ayCTEHNTA 3aKaHYNBAJIOCH IIPH TEM-
neparypax 808, 822 u 829°C. JlanpHelmuil HarpeB 10
900°C mpoBoAMJICS yKE B ayCTECHUTHOM COCTOSIHUHU. 3a-
TeM CclieZIoBajio OXJIaxaeHue co ckopocthto 10 K/4, koTo-
poe cHayaja TakXKe IPOXOAWIO B ayCTEHUTHOM COCTOS-
HUH (CM. PUC. 2), HO 3aTeM HaOJIIOAATIOCh MPeBpalleHUe
ayCTEHHTA, Ha JUJIaTOTrpaMMe OTMEUCHHOE MEPEX0I0M OT
HUCIIAAAIOIIEH JTUHUHA K BOCXOISIIEH.
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Tewn.,C ~ TAKOTO OTXKHIa HE MPOSIBUIOCE.

0) Pexum cTynmeHuaToro OTXKUTA!
740°C, 2 4 + 700°C, 5 9 ¢ nepeprIBaMU
Ha M3MepeHHsi ObUT M3y4yeH Ha oOpasue
Ne 4. B utore TBepIOCTh MOHU3UIACH CO
196/204 nmo 179/163 HB, HO Ha oxHOM
CTOpOHE OHa BCE K€ COXpaHWIA MOBBI-
IIEHHOE 3HaYCHHE.

B) Tepmonmkimaeckuit omxkur 750°C,
0,5 14 + 670°C, 0,5 u + 750°C, 0,5 u man
cmaboe cHIDKeHHe TBepaocTH oT 194/182
1o 187/170 HB.

r) M3oTrepMudeckuii OTKUT TPH TI0-
BhIIeHHOW 710 715°C Temmeparype ObLI

0 10 20 30 40 50 60 70
Bpems /MuH

Puc. 2. TunnyHas gunatorpamma HarpeBa u oxnaxaeHus odpasua cranu 3511

CooTBeTcTBYyIOIIAs TemIieparypa u3riuba (MUHHUMyMa)
€CTh TOYKa Havaja BblieieHus peppura. OHa paBHa s
Tpex obpasior 740, 748 u 738°C. OgHako, KaK U3BECT-
HO [4], pacman ayCTeHHWTa MPOXOJUT B JBE CTaIUH IO
mIKaje TeMmreparypsl. JedcTBUTENbHO, BOCXOASAIIAS JIH-
HHUS COCTOMT W3 JIByX YYacTKOB, pa3/elICHHBIX IIepe-
rubom. Ha mepBoM ydacTke NIpPOHCXOAUT OOpa3oBaHHE
(hepputa, mprYeM HepacHaBIIUIiCS ayCTEHUT 00Oramaer-
cs1 yriaeponom. Bropoii ydacTok paccmarpuBaeMoi BOC-
XOAAIIeH JTHHUM OTpakaeT oOpa3oBaHHE NEpiauTa, MpH-
4eM Kak IepBas, TaK M BTOpas peakius paciaia COIpo-
BOXKIAIOTCS yBeNW4eHHeM oObema obOpasma. Temmepary-
PBI Hauaja 00pa30BaHUs MEPINTA Yy TPEX UCCIIETOBAHHBIX
00pasloB HECKOJBKO Pa3MYaroTCsi U COCTAaBISIOT 675,
682 u 667°C. Temneparypa KoHIIa 00pa30BaHHs MEpIUTa
€CTh Ta HaWBHICIIAs TOYKA, 32 KOTOPOH KpHBas HAYMHACT
pEe3K0 omycKaTtbcs BHHU3; OHa paBHa 655, 671 u 644°C.
Takum oOpazom, oOpa3oBaHHE HEpiHTa B HAIIUX 00pas-
Lax MpOMCXOIUT B TEMIIEPaTYpHOM HHTepBaie 675-655,
682671 u 667-664°C. HannoMHuM, 4TO IUIsl YIJIEPOIU-
CTOM CTaJlu BBIJACJICHUC MCPJIUTAa HAYMHACTCA MTPU TEMIIC-
patype 723°C. B uccnemyemolii ctanu TeMmieparypa oopa-
30BaHUs MEpJIUTa cMelleHa BHU3 Ha 42-56°C non Biusi-
HUEM MPUMECEH, CHUKAIOIIMX TOUKY A.

BaxHplil pe3ynbTaT NPOBENEHHOIO MCCIEI0BaHUS
3aKJII0YaeTCsl B TOM, YTO MOXKHO TIOBBICHTBH TEMIIEPATypy
nzorepmMuyeckoro omxura ¢ 690-700 go 715-730°C, uto
1 OBIJIO UCTIOJIB30BAHO Jajee.

2.2. Omxur 6e3 (ha3oBoii nepeKpUCTALTH3ALNN

Kax m3BectHO [1], HEKOTOpOE CHIDKEHHE MPOYHOCT-
HBIX CBOMCTB JA€T OTXKWI INEPIUTHOH CTPYKTYpHI HHXKE
Ac,. lns u3ydeHns BO3MOKHOCTH TaKO# TepMooOpaboT-
K1 OBUIN NPOBENICHBI CIIEAYIONIHE SKCIIEPUMEHTHI:

a) O6paszer Ne 3 ObUT MOMEILIEH B IEYb C TEMIIEPaTYpOi
700°C u BeiepkaH 11 4 ¢ mepepbIBaMU Ha OXJIAXKACHUE U
M3MEPEHNsI TBEPAOCTU. B pesynbrare Takoro oTKura TBep-
JocTh MmoHM3mwIack co 192/201 mo 170/172 HB (B dopme
JpoOM yKka3aHbl 3HAYEHUSI TBEPIOCTU C JIBYX CTOPOH ILIa-
CTHHKH). 371ech ke OBUIO NPOBEPEHO BIMSHHE ITpEABapH-
TEJILHOTO HU3KOTeMIepaTypHoro omxkura mnpu 350°C, 4 u,
Ha TBEPJOCTh OTNIMBOK. [lo MHEHHUIO aBTOpOB [1, 2], Takoii
OTKHT TPUBOJUT K BBIJCICHUIO BOAOPOJA, a IOTOMY IO-
HIDKaeT TBEPAOCTh. B HammMX SKCIEepUMEHTaxX BIHSIHUE

n3ydeH Ha Tpex oOpas3max, OTIHYaro-
IIMXCSl APYT OT Jpyra ypOBHEM HCXOJ-
HOW TBEPIOCTH, MPHYEM C IPOTHBOIO-
JIOKHBIX CTOPOH OIHOTO 0o0Opasma 3Hade-
HUSI TBEPJIOCTH Takke paznuyanuck. 00-
pasipl ObUTH MOMEIICHBI B Teub, HArperyio ao 715°C, u
BBIJICpPKaHBI CHavaja 2,5 4, 3aTeM MOCJe OXJIAXKICHUS B
MeYd U U3MEPEHUsST TBEPJOCTH elle 2 4 U, HaKOHeIl, 3,5 4
IIpU TPETbEW IMOocajKe. XapakTep W3MEHEHUs TBEPIOCTH
TpH BBIICPIKKAX MMOKA3aH Ha PUC. 3.
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Puc. 3. 3aBucMmocTb TBEpAOCTH 0O6Pa3LIOB NUTOM
ctanu 35J1 ¢ pasnu4Hoi UCXOAHON TBEPAOCTLHO
OT ANUTENbLHOCTU OTXUra npun 715°C

ITocne omxura 8,5 u TBeprocTh NOHU3MIACH ¢ 210 10
170 HB, a B cimy4yae Hu3Koi ucxoaHoit TBepaoctu 170 HB
ona ymenbimiack 0 140 HB. OT1o o3nagaer, 4yTo camplit
SKOHOMHWYHBIA CHOCOO MOHU3UTH TBEPAOCTH OTIMBOK 3a-
Kimroyaercs B omxure npu 715-730°C. Takoii sKCTIepUMEHT
ObLT TIpoBezeH B 1iexe (omkur npu 735°C) 1 gan odeHp Xo-
pOIIMil pe3ynbTar: Ui PeallbHOM CaIKW JIUTHS TBEPIOCTH
cHu3mack 10 131-156 HB. OgHako BUJ MUKPOCTPYKTYPHI
C KPYITHBIM 3¢pHOM (CM. PUC. 1) BBI3BaNT HEKOTOPHIE COMHE-
HHUA B TOM, YTO yJapHas BSI3KOCTb OKa)KETCS JOCTATOYHOM
JUIA TIOTpEOUTENsI, XOTsI OHa OOBIYHO HE BXOJIWT B YHCIIO
CIaTOYHBIX TapaMeTpoB. Tak Kak ¢e BeIHMYHHA BO3PACTACT
MPU YMCHBIIICHUH TBEPAOCTH, TO €CTh OCHOBAHUSI CUUTATB,
YTO MPUMEHEHHBIN OTXKHT HE JIOJHKEH BBI3BATh 3HAUHTEIIh-
HOTO CHW)KEHUS yIApHOM BSI3KOCTU. YUWTHIBAsl BBIIIECKA-
3aHHOC, HaMH OBUI H3y4YeH BapHaHT TEPMOOOPaOOTKH,
BKJTFOUAFOITHH (ha30BYIO NEPEKPHCTAIUTH3AIINIO.
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2.3. Omxwur ¢ (ha3oBoit mepeKpUCTAIITH3AIHCH

MHorue aBTops! [1-3] peKOMEHAYIOT HOpMAaTH3ALUI0
B KauecTBE OCHOBHOT'O CIIOCO0A CHIDKEHHS TBEPIOCTH OT-
mBok. OHako 3 dexT HopMaTu3auy HECOMHEHHO 3aBH-
CHUT OT MAacChl CaJKd dYepe3 CKOPOCTh OXJaKAeHUs. B
HalllMX OJKCIIEPUMEHTaX TeMIlepaTypa ayCTeHHTH3aIuu
Oputa mpuHATa paBHOi 900°C. Tak kak oXJakaAeHHE 00-
Pa3LOB B BBIKJIIOYCHHOI 11€9H B HHTEpBAJe TEMIEPATyp OT
800 mo 600°C mpoxoaut co cpemHel ckopocThio 7 K/MuH,
NPUMEPHO TAKOW e, KaK y TPOMBIIIIEHHOH Ca/IK! JINTHIX
JieTaneil, MepeHeCeHHbIX U3 MeYd Ha CHOKOMHBIN BO3IYyX,
TO MMHTALUsI HOPMAIN3AlUH AOCTHTranach MPOCTBIM OT-
KITFOUCHHEM JJIeKTpOHarpeBa ne4u. g m3ydeHus BIus-
HHUS HOpPMaJIW3aIlMd, a 3aTeM OTKUra M 0oJiee CIIOKHBIX
00pabOTOK Ha TBEPAOCTH OBIIH MPOBEICHBI HOBBIE OIIBITHI.

1. BosneiictBre oqHOKpaTHON HOpMam3amun (900°C,
30 MUH + OXJaXJEHHE) OKa3aJoCh HEYAOBIECTBOPUTEIb-
HbIM. TBepmocts monmsmnack ¢ 215/207 no 192/177 HB.
[ToBTOPHBI SKCTIEPUMEHT Ha HOBOM 00paslie Aai CXOIHBIN
pesynbTar. TBepAaocTs yMmeHbIIack ¢ 232/225 B ucxon-
HOM coctostnum 10 197/181 HB mocite HopManm3aium.

2. JIBykpaTHasi HOpMaJIM3aLusl TaKKe He Jaja I10JI0-
JKUTENIBHOTO pe3ysbrata. McexonHas tBeprocts 190/219
HeMHoro cHu3miack 10 179/215 HB nocne nepsoit Hop-
MaJIM3aIiy, a BTOpPass HOpMAJIM3aIysl TakXKe He IpuBena
K n3MeHenuto teepaoctu (187/201 HB).

3. Bapuant noxaoro omxura npu 900°C 611 cMoze-
JIUPOBaH CTYNEHYaThIM oxJyaxaeHueM uepe3 10°C ¢ Bbl-
nepkkol Ha kaxnao ctymenu 10 muH. Hmke 600°C
OXJIaXJeHHE TNPOBOAWIN C meublo. CpemHsisi CKOpOCTb
oxXJTaxIeHus okazanach paBHoi 100 K/u. 3meck mocrwur-
HYT OJMH U3 HAaWIy4IINX PEe3ylbTaToB. TBEpPIOCTh OTIIH-
BOK cHu3miack ot 207/235 no 165/174 HB. Ionoxwuremns-
Hasl POJIb 3aMEUIEHHOTO OXJIAXKICHUsS MPOSBUIACH 3[ECh
orueTanBO. HO MOCKOJNBKY pacmaj NepeoxsakaeHHOTO
AyCTEHHUTA 10 TIEPBOM CTYNEHH HMEET J[Ba TEMIIEPATypPHBIX
MHTEpBaNa, COCAMHEHHBIX MEXAy coOOH, Mpu4eM B Iep-
BOM M3 HUX IPOMCXOJIMT BblJieeHHe (heppuTta, a BO BTOPOM
— 00pa3oBaHMe TEPIIUTA, TO BO3HHUKAET BOIPOC: KaK IIO-
BIIMSIET HA KOHEYHYIO TBEPJIOCTH 3aMEJICHHE W yCKOpe-
HYE MPEBPAIICHNS B KQKIOM M3 HHTEPBAIOB?

4. bbutn poBeAEHBI IKCIIEPUMEHTHI, B OTHOM U3 KO-
TOpBIX O0pasel, aycTeHWTH3HpoBaHHBIH mpu 900°C B
teueHune 20 MUH, ObUT OTHOCUTEIIEHO OBICTPO OXJIAXKICH B
neun ot 900 1o 700°C 3a 22 MuH, a 3aTeM MPOBOIIIOCH
€ro 3aMeUIeHHOE CTYNEeHYAaTOe OXJIAKACHHE C INaroMm
10°C u BbLOEpX KON 12 MUH NpH KaXXII0l Temmeparype B
uHTEepBajie nepauTHoro pacnajga. Huwxe 600°C oxnaxne-
HHUE IIPOXOAMIIO MPHU BBIKIIFOYEHHOH meun. Bropoit o6pa-
3ell, Ha000pOT, MeJIeHHO, ¢ maroM 10°C u BbIIEpKKAMHU
17 mun, Obu1 oxnaxkaeH B uHTepBaie 800—700°C, rme
MIPOXOANT BEIIeNeHue (eppura, a Hmke 700°C ero oxia-
JKaeHue mpoBoauan B meun. Oxaszanmock, 4To y oOpasma
nocyie IepBoil  00pabOTKM TBEPIOCTh CHHU3MJIACh C
202/217 no 166/176, a Bo BTOpoM cirydae — ¢ 196/204 no
179/183 HB. Otcrona cieayeT BBIBOM, YTO JJIs TOCTHKE-
HUSI HU3KOW TBEPIOCTH OXJAXKICHHWE IOJDKHO OBITH 3a-
MeJUICHHBIM B MHTEpBaje (JOPMUPOBAHUSI EPIIUTA.

Jast 1Byx 00pasioB, OJ1H U3 KOTOPBIX OBUT HOpMaJIH-
30BaH 1 UMen TBeprocth 197/181, a Bropoit 6611 IoABEpT-
HYT IOJHOMY OTXHWIYy Ha TBepaocte 165/174 HB, Obun
MPOBEJIEH JIOTIOTHUTEIBHBIH OTKUT (OTIMYCK) B TEUCHUU
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39 mpu 720°C. Tlocne 3TOro TBEpAOCTH 0OPA3IIOB, MO CY-
IIECTBY, CpaBHsUIach, MOCTHTHYB 3HadeHus HB163/170.
Buanmo, cTpykTypa TOHKOIUTACTHHYATOIO IEpJHTa, IMO-
JTydeHHas! TP HOPMAJM3aIMK, B XOJ€ OTXKHIa pa3pylia-
eTcs OpIcTpee, YeM IpyOOIIacCTUHYATHINA MEepIUT UCXOX-
Horo omxkura. [1oaToMy OTIIyCKY HOpMaln30BaHHBIX 00-
pa3noB OBLIO yAEIEHO 3HAUYNTEIbHOE BHIMAHNE.

5. Tpu obpa3na ObLIH IMOMEIIECHEI B ITeYh C TEMIIepa-
typoit 900°C m BeImepkaHbl | 4, 3aTeM OXJaXIEHbI B
MeYd 10 KOMHATHOW TEMIIepaTypbl, BHOBb HarpeThl 10
720°C u BBLAEpKAHBI TIOCHE0BaTeNbHO 3 1 7 4. 'paduku
3aBUCHMOCTH TBEPJOCTH OT JUIUTEIFHOCTH OTKHUTra IOKa-
3aHbI Ha PUC. 4.

Bpems omxura, 4

Puc. 4. 3aBucumocTb TBEpAOCTH 0O6pa3LIOB NUTOM
1 HopManu3oBaHHol cTanu 35J1 oT ANUTeNbHOCTH OTXMra
npu 720°C

Hcnonp3oBanHbIe 00pasibl UMENN Pa3HYI0 UCXOJHYIO
TBEPAOCTh M MEXIy COOOH, W C JABYX CTOPOH IIMPOKOTO
OCHOBaHHS Kaxoro obpasma. Ho yxe mocie 3 9 BEIIEpK-
KM TBEPIOCTh OKasbiBaeTcst MeHblue 170, a mocne 7 4 ot1-
skura omyckaercst Hike 165 HB. Tlo-Buaumomy, HopManu-
sanust oT 900°C u 5-7-dacoBoit omxur npu 720-730°C
ABJSIETCS HamOoJee SKOHOMHUYHBIM DPEXKHMOM CHIDKECHHS
TBEPAOCTH JINTHIX JIETANeH B TEX CIIydasX, KOTza 3aKa34uK
BBIIBUTAET TPEOOBaHUS CTPYKTYPHOW MEpEeKPUCTAIIN3A-
WY JUTS TIOBBIIICHUS YIAPHOU BS3KOCTH CTANU. 3aMETHM,
yro oxnaxaeane oT 900°C He 00s13aTEIHFHO JOBOIUTD JI0
KOMHATHOW TEMIIepaTypbl; MOXHO OXJQJAUTh CaJKy [0
630-600°C, xorma mpeBpallleHHe ayCTEHUTa 3aBeplIacT-
csl, ¥ cpa3zy e HarpeTb 10 720—730°C nox OTxKHur.

BO3MOXXHOCTE ~ HCIIONIB30BaHUS ~ M30TEPMHUUYECKOTO
OTXHra OT TeMIepaTyp BBIIIE A, pacCMOTpeHa BO BTO-
poil cTaThe TeX ke aBTOPOB.

2.4. 3akasika U OTIIyCK

3akaika ¢ OTITYCKOM PEAKO UCIIONB3YETCs B JINTCHHBIX
nexax sl CHUKCHUs TBEPJOCTH OTIMBOK M3-32 OIMACeHHM
MOJTYYHUTh 3aKAIOYHBIC TPEIIMHBI B MEPEX0/IaX y OTIMBOK
cnoxHO# (opmbl. OfHAKO HM3YYUTh BIHSHHE 3TOTO BHIA
TEpMOOOPAOOTKH HA TBEPOCTh U YJIAPHYIO BSI3KOCTh OTIIH-
BOK MPEACTaBJIAIOCH BaXHLIM. B omnwiTax storo pasacia
OBLTH UCTIONB30BaHbI 00pasitsl ctamm 35J1 u3 TpehoBUIHBIX
Mpo0, OTIUTHIX B OOBIYHBIC IMECUYAHO-TIIMHUCTBIC (HOPMBI.
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Cranp comepxana 0,38%C; 0,34%Si; 0,47%Mn; 0,3%Cr;
0,3%Ni; 0,3%Cu u o 0,040-0,045%S u P. [Tocne kpucrai-
JM3ALUKA U OXJIAXJCHHs U3 NpO0 BHITAYMBAIIM LIJIMHIPU-
YEeCKHE 3arOTOBKH M KBaJIpaTHBIC OPYCKH IUIA TOCIEIYIO-
IIETO HM3TOTOBIICHUS Pa3pBIBHBIX M YIApHBIX OO0pAas3IoB.
Tepmudeckast 00paboTKa, pa3IMYHBIC PEKHMBI KOTOPOM
MPUBE/ICHBI B Ta0JIHIIe, BKITIOYANIa CJIeIYIOIUE ONepalim:

a) Hopmanuzanus (H.): narpes 1o 880°C u BeIepkKa
2 4 BMecTe ¢ NMPOMBIIUICHHON maptuei m3genmii. Oxmna-
JKJIEHHE TIPOBOJMIIOCH Ha BO3JyXe, HO CKOPOCTh OXJia-
XKJIeHus ObUla B 2,5 paza MeHbIe, YeM YKa3aHHas B
MPeIBIAYIINX pa3zenax, HOITOMY TBEPIOCTh IOCIE HOP-
MaJIN3aI 0Ka3anach HIXKE,

0) 3akanka (3.) ot 870°C c BeLIEpKKOif 1,2 9 U oxJa-
JKIAeHHueM 00pasIoB B BoJe ¢ Temrieparypoit 50°C;

B) otmyck (O.) B TeueHne 2 9 mpoBoamics mpu 215
(am3kmit), 475 (cpemnuit) u 640°C (BBICOKHUIR); OXTaXKae-
HHUe 00pas3IoB OCYIIECTBISUIOCH HA BO3TyXe€.

Pe3ynbTaThl HCCIIEMOBAHMS, TIPEICTABICHHBIC B Tab-
nvue, WHTEpeCHH B HECKONBKHX OTHOMIEHHWAX. Bo-
MEePBBIX, BUIAHO, YTO BBICOKHHA oTmyck mpu 700°C mmrtoit
CTPYKTYpPbI JCHCTBUTENHHO YBEIMYMBACT YIApPHYIO BS3-
KOCTb. BO-BTOpBIX, IOCiIE 3aKaJIKH M OTHOCHUTEIHHO BBI-
cokoro ormycka (640°C) ynapHast BS3KOCTb ITOBBIIIACTCS
10 45 Jx/cM?, a eciid MPEABApUTEILHO CAEIaTh OJHO-
WIH JBYXKPaTHYIO HopMmaiu3amnuio, To a0 94 Jhx/cm?;
TBEPJOCTh MPHU 3TOM CHIDKaerca 10 158-166 HB. Otme-
THM, YTO TEMIIEPATypy BBICOKOTO OTIIyCKa MOXKHO MOJ-
HITE 10 715-730°C, YTO MO3BOJMT HOIOJHHUTEIHLHO
YMEHBIIIUTh TBEPIOCTh. U, HaKOHeI, MpH BapbHUpPOBAHUU
TeMIrepaTypbl oTimycka ot 215 mo 640°C u BbIlie MOKHO
obecrieynTh U3MEHEHHE MPOYHOCTH, TBEPAOCTH M ylap-
HOH BS3KOCTH B LIMPOKHUX IIpeJeiax Tak, YToObl yIoBIIe-
TBOPUTH TPEOOBAHUS MOTPEOUTENS.

MexaHunueckue cBolicTBa 06pa3suoB 35J1, noaBepPrHyTbLIX
TepMoobpaboTke MO pasnMyHbIM pexmmam

Ne Pexum Tepmmyeckon 002, | Os | O, | W, | KCU, HB
n/n 0bpaboTku MMa|MMa| % | % |Owcwm?

1 |McxogHoe nuToe CocTosiHNe 6,5 |270
2 |Mex. +0.700°C, 54 295|600 11 |15 | 22 |169
3 [Mex. + H. 325 |635(20,5(23,6] 31 [172
4 [Mex. +H. +H. 340 | 615 (21,2 22 | 37 | 170
5 |Mcx. +3.+0.215°C - [1590] - | - | 13 |460
6 |Mex. +3.+0.475°C 690|800 9 |13 | 19 |255
7 [Mex. +3.+0.640°C 405620 | 16 | 64 | 45 |158
8 [Mex. +H. +3.+0.215°C - [1350] - | - | 20 |390
9 [Mex. + H. +3.+ 0. 475°C 720 830 12 | 24 | 31 | 250
10 [Mcx. + H. +3. + 0. 640°C 300|550 | 19 |27 | 80 |[162
11 [Uex. +H.+H.+3.+0.215°C| - [1270] - | 6 | 34 |265
12 |Mcx. +H.+H.+3.+ 0.640°C | 310 | 525 | 24 | 29 | 94 | 166

OO01mme BLIBOIBI

1. Kputuueckue Touku IUTHIX craneit tuna 35J1 mo-
TyT OBITH 3HAYMTENILHO CMENICHBI OTHOCHTENILHO aHallo-
THYHBIX TOYEK YIJIEPOAMCTBIX CTajeH I0J] BIMSHUEM
npumeceit (Si, Mn, Cr, Ni) 1 XMUMH4eCKOH HEOJHOPOIHO-

cTH. B mccrnenoBaHHBIX CTaNsAX TeMmIepaTypa Hadama 00-
paszoBaHus aycTteHuTa A, cMmerieHa BBepx Ha 35-40°C,
TOrJla KaK TemIlepaTypbl Haudayna oOpa3oBaHus (eppura
A,;; ¥ mepnura A,; CMEIIEHBl BHU3 COOTBETCTBEHHO HA
48-51 m 40-55°C.

2. Cpenn M3y9EeHHBIX PEKUMOB OTXKHTA JIUTOH CTall
0e3 (a30BOW TMEPEeKpPHUCTAIUIM3ALUN ONTHMAIBHBIM 10
JUIMTEIEHOCTH W DHEpro3aTparam SBISIETCS M30TepMUYe-
CKUH OTXKUI Tpu Temmeparypax 715-735°C, mnpuuem
JUINTENBHOCTh OTXKHMI'a MOXKHO COKpAaTtuth ¢ 8§ 10 5 4 u
MeHee IIPH MOBBIIICHUH TeMiepatypsl 10 735°C. OxHako
TaKOW OTXKUT HE U3MEHSAET pa3Mep ayCTEeHUTHOTO 3epHa, a
NOTOMY HE MOXET 3HaYMTEJIbHO CHU3UTh MOPOT XJIaHO-
JIOMKOCTH B CJIy4ae OTBETCTBEHHBIX HU3IEIHH.

3. B ToMm ciy4ae, Korja 3aKka3dMK BBIIBHIAET TPeOo-
BaHME CTPYKTYPHOH IEepeKpHCTA/UIN3alNU sl MOBBIIIE-
HUSI yJApHOH BA3KOCTH CTANH, ONTHMAJIbHBIM PEXUMOM
TEPMHUYECKOH 00pabOTKU SIBISETCS HOPMAIM3ALHS OT
900°C n 5—7-gacoBoit omxur npu 715-730°C (mmox Tou-
Kol A., HO HM B KOEM cllyuyae He mepexoas ee). Oxia-
xpaerue ot 900°C He 00s43aTeNbHO JOBOIUTH 10 KOMHAT-
HOW TeMIlepaTyphl; MOKHO, OXJIAIUB CAaaKy 0 3aBeplie-
HUS paclaja IepeoxjaxaeHHoro aycreHura (630-
600°C), cpasy e HarpeTs ee 10 715-730°C o OTXKHUT.

4. PexxM TIOJTHOTO OT)KWTA, Pa3yMeeTcsi, TaKkKe IMpu-
MEHUM, HO JJISI €r0 MPOBEACHNUS TPEOYIOTCS CYIIECTBEHHO
Oompmme 3aTpaThl «IEeYHOro» BpeMeHH. CoxparieHne
JUTUTEIEHOCTH OT)KUTa BO3MOJKHO 33 CYET YCKOPEHHOTO
OXJIOKIEHHS OTJIMBOK B TeMIlepaTypHoii obnactu ot 900
1o 730°C, mocie 4ero HeoOXOAUMO 3aMEJIEHHOE OXJa-
JKJICHUE CO CKOpOCThIO He BhIme 10 K/a.

5. JloBombHO 3(PEKTUBHBIM CHOCOOOM CHUKESHHS
TBEPAOCTH OTJIMBOK M YBEIMUEHHs YIApHOH BS3KOCTH
SBJIAETCS 3aKajKka C OTIIyCKOM, IPHUYEeM TEMIIepaTypy
OTIIyCKa CJIEIyeT BEIOMpaTh B 3aBUCUMOCTH OT Tpedyemo-
ro ypoBHs MexaHM4YecKux cBoucTB. Otnyck npu 640°C u
BBIIIIE NTO3BOJISIET OIYYUTh TBEpAOCTh HIKe 160 HB npu
YPOBHE yIapHOMH BA3KOCTH BhImIe 45 JIx/cm?.
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